Genesis of associated red and black shrink-swell soils of Maharashtra by Kolhe, A H et al.
 
 
 
 
 
 
w
w
w
.In
di
an
Jo
ur
na
ls
.c
om
   
   
 
 
 
 
 
 
M
em
be
rs
 C
op
y,
 N
ot
 fo
r C
om
m
er
ci
al
 S
al
e 
   
 
D
ow
nl
oa
de
d 
Fr
om
 IP
 - 
22
0.
22
5.
23
6.
59
 o
n 
da
te
d 
4-
De
c-
20
12
 
 
 
 
 
 
w
w
w
.In
di
an
Jo
ur
na
ls
.c
om
   
   
 
 
 
 
 
 
M
em
be
rs
 C
op
y,
 N
ot
 fo
r C
om
m
er
ci
al
 S
al
e 
   
 
D
ow
nl
oa
de
d 
Fr
om
 IP
 - 
22
0.
22
5.
23
6.
59
 o
n 
da
te
d 
4-
De
c-
20
12
2 CLAY RESEARCH [Vol. 30
10[ m
E;~---;/l '''-e,thec,dbodt
~We'th"'odt><ill.t_"ibole
• "'den ;:Umber505;=~-
465 0 05 10 1.:1 2.0 2.5
stody was undertaken to understand the
genesis of these soils and those of the
associated gray coloured Vertisols.
Materials and Methods
Fig. 1. Schematic diagram showing the
landscape representing the pedon sites in Hingoli
district, Maharashtra (broken lines on Yaxis
indicate tentative thickness of basalt and red
bole)
Distance (I,m)
The study area is located along a
transect in Kesapur village of Hingoli
District of Maharashtra at 450 to 500 m
above mean sea level (msl) in the semi-
arid climate «700 rom annual rainfall).
Here two soils are described, one at the
higher elevation of the transect, namely the
red Vertisol (pedon 1) and the other is a
commouly seen gray Vertisol in the valley
floor (pedon 2). These soils are developed
in the basaltic alluvium and occur in close
proximity to each other (Fig. 1). The
morphological properties of the soils were
stodied as per Soil Survey Manual (Soil
Survey Division Staff, 1995) and the soils
were classified according to Soil Taxonomy
Pal and Deshpande 1987; Bhattacharyya et
ai., 1993). In most cases it was reported
that the red soils are formed on higher
topographic position with clay-enriched
argillic horizon and presence of kaolin
(smectite-kaolinite interstratified mineral)
developed from smectite under more
leachiog environment and their associated
Vertisols are formed in valleys on lower
topographic position wherein the drainage
is comparatively slow (Pal and Deshpande
1987; Kantor and Schwertmann 1974;
Beckmann et ai., 1974). However, the
present stody discusses a unique red and
black soil association in Hingoli district of
Maharashtra developed in the alluvium
and colluvium of basalt which resulted in
the formation of Vertisols.
There are some reports that sequences
of basalt flows commonly include
spectacular red interflow strata widely
known as bole beds, which serve as the
marker of beds in between two basaltic
flows. Bole horizons are weathered horizon
(paleosols) usually recognized in the field
by their distinctive red colour suggesting
processes of chemical weathering similar
to what is observed in case of pedogenesis
from basalt (Ghosh et ai., 2006). In a few
cases they are characterized by polygonal
structures indicating shrinkage features
developed after deposition (Sarkar et ai.,
2000). It is referred to as red Vertisol in
view of its ouly contrasting colour featores
which differentiates it from other colour of
Vertisols in the vicinity. Hence the present
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Table 4. Exchange properties of soils
Horiwn Depth CEC Extractable bases BS ESP EMP ECP
(em) Ca* Mg* Na+ K+ (%) (%) (%) (%)
... ernol (p+) kg-! ...
Pedon I: Fine, smectitic, hyperthennic Sodic Haplusterts
Ap 0-14 55.65 28.61 23.39 9.13 0.22 llO.2 16.4 42.0 51.4
Bwl 14-29 55.65 23.9 24.21 14.78 0.18 ll3.3 26.5 43.5 43
Bw2 29-49 60.00 21.4 25.97 18.26 0.16 109.6 30.4 43.3 35.7
Bw3 49-71 62.60 19.4 29.52 23.48 0.17 ll5.9 37.5 47.2 31
Bssl 71-103 62.60 19.89 28.9 23.48 0.20 ll5.7 37.5 46.2 31.8
Bss2 103-150 64.34 24.15 28.6 23.48 0.25 ll8.8 36.5 44.4 37.5
Pedon 2: Very fine, smectitic, hyperthermic Typic Haplusterts
Ap 0-15 62.60 50.72 5.73 0.73 0.70 92.4 1.2 9.2 78.8
Bwl 15-31 64.34 53.36 5.19 0.69 0.35 92.6 1.1 8.1 85.2
Bssl 31-49 64.34 53.94 5.14 0.68 0.30 93.3 1.1 8 79.5
Bss2 49-81 62.60 49.71 5.91 0.75 0.27 90.4 1.2 9.4 77.3
BCk 81-ll5 65.21 49.61 7.57 0.75 0.18 89.1 1.2 11.6 77.1
• Total clay fracdon «211m)
(pedon 1llBw2, 29-49 em); Kesapur soils
Fig. 2. Representative X-ray dijfractograms of total clay fractions ofPedon 1 (Sm=smectite, Sm!
Vm=smectite or vermiculite, Pk=palygorskite, Ca = calcium saturated; CaEG = Ca-saturated
and ethylene glycolated; K25°1K110"1K300"1K550" = K saturated and heated at 25, 110, 300 and
550"C. K3OO0EG= K saturated and heated at 3000 and ethylene glycolated)
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associated ferruginous soils in a basaltic
catena (Bhattacharyya et al., 1993,
Chandran et ai, 2000).
X-Ray diffraction patterns of the silt,
total clay and fine clay of pedon 2 indicate
that smectite is the dominant minera1 in all
the fractions and it was established by the
basal reflection around 1.4 nm of Ca-
saturated sample, which expanded to
around 1.7 urn on glycolation (Fig. 3). The
presence of kaolin was detected by the peak
at 0.7 urn which persisted on K-treatment
and heating at 3llO"C, but disappeared at
550"C.
Discussion
Genesis of soils
It has been established that the fIrst
weathering product of basalt under the
humid tropical weathering is smectite (pal
and Deshpande, 1987). Under acid
weathering conditions of the humid climate,
the AI-hydroxy cations formed occupy the
interiayer spaces of expanding minerals
namely smectite (Pal et al., 1989;
Bhattacharyya et aI., 1999; Chandran et ai,
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Total clay fraction «2 ~m)
(pedon 2) ( Bss1, 31- 49 em); Kesapur soils
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K 55
10 15 20 2S 30
"2TheI,
Fig.3. Representative X-ray diffractograms of Total clay fractions of Pedon 2 (Sm=smectite, Sm!
Vm=smectite or vermiculite, M= mica, K=kaolinite, Ca = calcium saturated; CaEG = Ca-saturated
and ethylene glycolated; K25'IKIJ(J'lK300"1K550" = K saturated and heated at 25, 110, 300 and
550"C. K300"EG= K saturated and heated at 300" and ethylene gtycolated)
 
 
 
 
 
 
w
w
w
.In
di
an
Jo
ur
na
ls
.c
om
   
   
 
 
 
 
 
 
M
em
be
rs
 C
op
y,
 N
ot
 fo
r C
om
m
er
ci
al
 S
al
e 
   
 
D
ow
nl
oa
de
d 
Fr
om
 IP
 - 
22
0.
22
5.
23
6.
59
 o
n 
da
te
d 
4-
De
c-
20
12
 
 
 
 
 
 
w
w
w
.In
di
an
Jo
ur
na
ls
.c
om
   
   
 
 
 
 
 
 
M
em
be
rs
 C
op
y,
 N
ot
 fo
r C
om
m
er
ci
al
 S
al
e 
   
 
D
ow
nl
oa
de
d 
Fr
om
 IP
 - 
22
0.
22
5.
23
6.
59
 o
n 
da
te
d 
4-
De
c-
20
12
 
 
 
 
 
 
w
w
w
.In
di
an
Jo
ur
na
ls
.c
om
   
   
 
 
 
 
 
 
M
em
be
rs
 C
op
y,
 N
ot
 fo
r C
om
m
er
ci
al
 S
al
e 
   
 
D
ow
nl
oa
de
d 
Fr
om
 IP
 - 
22
0.
22
5.
23
6.
59
 o
n 
da
te
d 
4-
De
c-
20
12
 
 
 
 
 
 
w
w
w
.In
di
an
Jo
ur
na
ls
.c
om
   
   
 
 
 
 
 
 
M
em
be
rs
 C
op
y,
 N
ot
 fo
r C
om
m
er
ci
al
 S
al
e 
   
 
D
ow
nl
oa
de
d 
Fr
om
 IP
 - 
22
0.
22
5.
23
6.
59
 o
n 
da
te
d 
4-
De
c-
20
12
